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For the envisioned high precision measurement of the W boson mass at the Tevatron and
LHC it is crucial that the theoretical predictions for the W and Z production processes are
under control. We briefly summarize the status of the electroweak radiative corrections
to p p
(−)
→ W± → l±ν and p p
(−)
→ Z, γ → l+l− (l = e, µ), and present some numerical
results.
1. Introduction
The Standard Model of electroweak interactions (SM) so far withstood all experi-
mental challenges and is tested as a quantum field theory at the 0.1% level1. How-
ever, the mechanism of mass generation in the SM predicts the existence of a Higgs
boson which, so far, has eluded direct observation. Indirect information on the mass
of the Higgs boson, MH , can be extracted from the MH dependence of radiative
corrections to the W boson mass. Future more precise measurements of the W
boson and top quark masses will considerably improve the present indirect bound
on MH : with a precision of 30 MeV for the W boson mass, MW , and 2 GeV for
the top quark mass which are target values for Run II2, MH can be predicted with
an uncertainty of about 30%. In order to measure MW with such precision in a
hadron collider environment it is necessary to fully control higher order QCD and
electroweak corrections to the W and Z production processes.
2. Electroweak O(α) Corrections to p p
(−)
→ W± → l±ν
The full electroweak O(α) corrections to resonant W boson production in a general
four-fermion process have been calculated in Ref. 3 with special emphasis on ob-
taining a gauge invariant decomposition into a photonic and non-photonic part. It
was shown that the parton cross section for resonant W boson production via the
Drell-Yan mechanism qiqi′ → f f¯
′(γ) can be written in the following form4:
dσˆ(0+1) = dσˆ(0) [1 + 2Re(F˜ initialweak (sˆ = M
2
W ) + F˜
final
weak (sˆ =M
2
W ))]
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1
+
∑
a=initial,final,
interf.
[dσˆ(0) F aQED(sˆ, tˆ) + dσˆ
a
2→3] , (1)
where the Born cross section, dσˆ(0), is of Breit-Wigner form and sˆ and tˆ are the
usual Mandelstam variables in the parton center of mass frame. The (modified)
weak corrections and the virtual and soft photon emission from the initial and final
state fermions (as well as their interference) are described by the form factors F˜ aweak
and F aQED, respectively. The IR finite contribution dσˆ
a
2→3 describes real photon ra-
diation away from soft singularities. F initialQED and dσˆ
initial
2→3 still include quark-mass
singularities which need to be extracted and absorbed into the parton distribution
functions (PDFs). This can be done in complete analogy to gluon emission in QCD,
thereby introducing a QED factorization scheme dependence. Explicit expressions
for the W production cross section in the QED DIS and MS scheme are provided
in Ref. 4. So far, in the extraction of the PDFs from data as well as in the PDF
evolution, QED corrections are not taken into account. The latter result in a mod-
ified scale dependence of the PDFs, which is expected to have a negligible effect
on the observable cross sections5. The numerical evaluation of the cross section is
done with the Monte Carlo program WGRAD4 †, and results have been obtained
for a variety of interesting W boson observables at the Tevatron4 and the LHC5.
In the past, fits to the distribution of the transverse mass of the final-state lepton
neutrino system, MT (lν), have provided the most accurate measurements of MW .
Photonic initial and initial-final state interference corrections were found to have
only a small effect on the MT distribution, and weak corrections uniformly reduce
the cross section by about 1%. However, as shown in Fig. 1, final-state photon radi-
ation significantly distorts the shape of the MT distribution, and thus considerably
affects the extracted value of MW . In the electron case, when taking into account
realistic lepton identification requirements, the electroweak radiative corrections
are strongly reduced because electron and photon momenta are combined for small
opening angles between the two particles. This eliminates the mass singular terms
associated with final state radiation. The correct treatment of the final state radi-
ation has been compared with a previous approximate calculation6 and was found
to induce an additional shift of O(10 MeV) in the extracted W boson mass4.
3. Electroweak O(α) Corrections to p p
(−)
→ Z, γ → l+l−
Neutral-current Drell-Yan production is interesting for a number of reasons and
it is therefore important to determine the electroweak corrections for this process.
Future precise measurements of the W boson mass at hadron colliders depend on a
precise knowledge of the Z boson production process. When compared to the values
measured at LEP, the measured Z boson mass and width help to determine the
energy scale and resolution of the electromagnetic calorimeter. Ratios of W and Z
boson observables may yield a more precise measurement ofMW than the traditional
technique of fitting the MT distribution
2. The forward-backward asymmetry in the
†WGRAD is available from the authors.
2
Fig. 1. The relative corrections to the MT (lν) distributions at the Tevatron when only taking into
account final state photon radiation (from Ref. 4).
vicinity of the Z resonance can be used to measure the effective weak mixing angle5.
Finally, at large di-lepton invariant masses, Mll, deviations of the SM prediction
could indicate the presence of new physics, such as new heavy gauge bosons Z ′
or extra spatial dimensions. The QED O(α) corrections to p p
(−)
→ Z, γ → l+l−
have been calculated and implemented in the parton level Monte Carlo program
ZGRAD7 ‡. For precision physics away from the Z resonance, however, the weak
corrections must also be included8. They become important at large values of
M(ll) due to the presence of large Sudakov-like electroweak logarithms of the form
ln(Mll/MZ), which need to be resummed at very high M(ll).
Our results show that, for the current level of precision, the existing calcula-
tions for W and Z boson production are sufficient. However, for future precision
measurements the full electroweak O(α) corrections and multiple photon radiation
effects should be included. The inclusion of the non-resonant contributions to W
production in WGRAD is in progress9 (see also Ref. 10). A calculation of two-
photon radiation in W and Z boson production at hadron colliders has been carried
out in Ref. 11.
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